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Performance Analysis of Intelligent Reflecting
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Abstract—Intelligent reflecting surface (IRS) is a promising
technology to enhance the coverage and performance of wireless
networks. We consider the application of IRS to non-orthogonal
multiple access (NOMA), where a base station transmits super-
posed signals to multiple users by the virtue of an IRS. The
performance of an IRS-assisted NOMA networks with imperfect
successive interference cancellation (ipSIC) and perfect successive
interference cancellation (pSIC) is investigated by invoking 1-bit
coding scheme. In particular, we derive new exact and asymptotic
expressions for both outage probability and ergodic rate of them-
th user with ipSIC/pSIC. Based on analytical results, the diversity
order of the m-th user with pSIC is in connection with the
number of reflecting elements and channel ordering. The high
signal-to-noise radio (SNR) slope of ergodic rate for the m-th
user is obtained. The throughput and energy efficiency of non-
orthogonal users for IRS-NOMA are discussed both in delay-
limited and delay-tolerant transmission modes. Additionally, we
derive new exact expressions of outage probability and ergodic
rate for IRS-assisted orthogonal multiple access (IRS-OMA).
Numerical results are presented to substantiate our analyses
and demonstrate that: i) The outage behaviors of IRS-NOMA
are superior to that of IRS-OMA and relaying schemes; ii)
With increasing the number of reflecting elements, IRS-NOMA
is capable of achieving enhanced outage performance; and iii)
The M -th user has a larger ergodic rate compared to IRS-OMA
and benchmarks. However, the ergodic performance of the m-th
user exceeds relaying schemes in the low SNR regime.
Index terms— Intelligent reflecting surface, non-orthogonal
multiple access, imperfect SIC, 1-bit coding
I. INTRODUCTION
With the evolution of wireless communication networks,
the fifth-generation (5G) and beyond has sparked a lot of
concerns on high data rate, massive connectivity and spec-
trum utilization. The standards of 5G new radio have been
completed currently and researchers are exploring the poten-
tial of emerging technologies for the next-generation com-
munications [1–3]. As one of a promising multiple access
candidate, non-orthogonal multiple access (NOMA) has the
advantages in terms of spectral efficiency and link density.
The distinctive feature of NOMA is that multiple users are
allowed to occupy the same time/bandwidth resource blocks
by utilizing the superposition coding scheme [4, 5]. It has
been demonstrated that NOMA has ability to attain the better
outage probability and ergodic rate compared to conventional
orthogonal multiple access (OMA) [6, 7]. For the emerging
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sixth-generation (6G) communication networks, it becomes
pivotal to support massive intelligent equipments with different
requirements.
By extending NOMA to cooperative communications, co-
operative NOMA was proposed in [8], where the nearby
user with better channel condition was referred to half-duplex
(HD) decode-and-forward (DF) relaying to transfer the signals
for the distant users. To further enhance spectrum efficiency,
the authors of [9, 10] investigated the outage behavior and
ergodic rate of full-duplex (FD) cooperative NOMA, where
the performance of FD NOMA outperforms HD NOMA
in the low signal-to-noise radio (SNR). With the emphasis
on green communication, the simultaneous wireless power
transfer (SWIPT) based NOMA system was studied in [11],
where the nearby user is viewed as DF relaying to forward the
information. On the other hand, the authors of [12] analyzed
the outage performance of a pair of users for amplify-and-
forward (AF) relaying based NOMA systems. As a further
development, the outage probability and ergodic performance
of multiple users for AF NOMA systems were surveyed in [13,
14] over Nakagami-m fading channels. Explicit insights for
understanding the impact of FD mode on AF NOMA system,
the authors of [15] characterized the outage behaviors of users
with an opportunistic power split factor. Apart from the above
works, NOMA technique has been widely applied to multiple
communication scenarios. Regarding to safety applications, the
secrecy outage probability of a pair of users was analyzed in
[16] for NOMA networks by invoking stochastic geometry.
With the objective of improving terrestrial user connections,
the authors of [17] highlighted the trajectory design and power
allocation of NOMA-based unmanned aerial vehicle networks.
Additionally, the application of NOMA to satellite communi-
cations was investigated [18], where the ergodic capacity and
energy efficiency are derived analytically.
In view of recent attentions, intelligent reflecting surface
(IRS) has been as a prospective technology for 6G wireless
communications [19]. More specifically, IRS is a low-cost
planar array consisting of a large of passive reflecting ele-
ments, which is ability to reconfigure the wireless propagation
environment through a programmable controller. In [20], the
authors proposed the concept of digital metamaterials, which
manipulates the electromagnetic waves by coding ‘0’ and ‘1’
elements with control sequences (i.e., 1-bit coding). Recently,
several application scenarios of IRS-aided were introduced
[21] that: 1) Creating the line-of-sight (LoS) link between
the BS and users via signal reflection; 2) Applying an IRS
to enhance the physical layer secrecy; and 3) Deploying an
IRS to realize SWIPT for a large amount of devices and so
on. Similar to these paradigms, the authors of [22] surveyed
2the symbol error probability of IRS-based communication
networks in a general mathematical framework. By using
intelligent reflecting elements, the authors in [23] revealed that
IRS has the ability to attain high rate and energy efficiency
comparing to DF relaying. As a further advance, the differ-
ences and similarities between IRS and relaying are compared
in [24], which highlights the higher spectral efficiency of
IRS when their size is large as relative to the wavelength
of the radio waves. When the eavesdropping channels are
stronger than that of legitimate channels, the authors of [25]
maximized the secrecy rate of legitimate users by designing
the IRS’s reflecting beamforming. In [26], the energy efficient
designs of IRS-based wireless communications are developed
to guarantee individual link budget for users.
In light of the above discussions, researchers have begun to
study the co-existence of IRS and NOMA [27–29]. Given the
users’ rate, the authors in [27] analyzed the IRS reflection with
discrete phase shifts for IRS-aided NOMA and OMA. On the
condition of user ordering, the beamforming vectors and phase
shift matrix were jointly optimized to reduce the transmitting
power [28]. Furthermore, the authors of [29] maximized the
minimum the achievable rates of users to ensure user’s fairness
and improve the rate performance. For multi-antenna scenar-
ios, the system sum rate of IRS-NOMA was improved by
exploiting the fixed reflecting elements in [30]. To overcome
the hardware limitations, a simple transmission of IRS-NOMA
was designed in [31], where the outage probability of single
user is derived with on-off control. As a further potential
enhancement, the authors of [32] further studied the impact
of coherent phase shifting and random phase shifting on
outage behaviors for IRS-NOMA networks. In [33], the outage
probability and ergodic rate of nearby user for IRS-NOMA
were evaluated by designing the passive beamforming weights
of IRS.
A. Motivation and Contributions
While the aforementioned significant literatures have laid a
solid foundation for understanding of IRS and NOMA tech-
niques in wireless communication networks, the treatise for
enhancing the spectrum and energy efficiency by integrating
these two promising technologies is a straightforward and ef-
fective approach. As stated in [20], the digital metamaterial has
ability to manipulate electromagnetic waves by programming
different coding sequences. Consequently, research on using
the thought of 1-bit coding scheme to analyze the performance
of wireless communication systems is still imperative. In ad-
dition, there are undesirable factors i.e., error propagation and
quantization error in the SIC process for practical scenarios,
which will result in decoding errors. It is significant to take the
residual interference from SIC procedure into consideration.
Inspired by this treatise, we specifically investigate the
performance of IRS-assisted NOMA with the aid of the
thought of 1-bit coding, where an IRS can be regarded as
a relay forwarding the information to multiple NOMA users.
Moreover, we focus our attention on discussing the impact of
residual interference from imperfect successive interference
cancellation (ipSIC) on outage probability, ergodic rate and
energy efficiency for IRS-NOMA networks. Additionally, the
outage probability and ergodic rate of IRS-OMA with 1-bit
coding are surveyed carefully. According to the above explana-
tions, the primary contributions of this paper are summarized
as follows:
1) We derive exact and asymptotic expressions of outage
probability for them-th user with ipSIC and perfect suc-
cessive interference cancellation (pSIC) in IRS-NOMA
networks. Based on theoretical analyses, the diversity
order for IRS-NOMA is obtained. We demonstrate that
the diversity orders of them-th user with ipSIC/pSIC are
in connection with the number of reflecting elements of
IRS and channel ordering. We also derive the closed-
form expression of outage probability for IRS-assisted
orthogonal multiple access (IRS-OMA).
2) We confirm that the outage behaviors of IRS-NOMA
are superior to that of IRS-OMA, AF relaying and
FD/HD relaying. Furthermore, we investigate the impact
of IRS’s deployment on the outage behaviors of IRS-
NOMA networks. We observe that when the IRS is
deployed closely to the BS, the enhanced outage per-
formance is achieved. As the IRS departs from BS, the
LoS deteriorates and the outage probability increases.
3) We derive the exact expressions of ergodic rate of the
m-th user for IRS-NOMA networks. To obtain further
more insights, we derive exact expression of ergodic
rate for the m-th user and obtain the high SNR slopes.
We observe that the ergodic rate of the m-th user
converges to a throughput ceiling in the high SNR
regime. As the number of reflecting elements increase,
the ergodic performance of the M -th user is becoming
higher compared to relaying schemes. We also derive
exact expression of ergodic rate for IRS-OMA.
4) We study the throughput and energy efficiency of non-
orthogonal users for IRS-NOMA networks in both
delay-limited and delay-tolerant transmission modes.
For delay-limited transmission mode, the energy effi-
ciency of non-orthogonal users outperforms that of IRS-
OMA. In delay-tolerant transmission mode, the M -th
user has a larger the energy efficiency than orthogonal
user and distant users. However, the energy efficiency of
distant users for IRS-NOMA converges to the constant
value at high SNRs.
B. Organization and Notations
The rest of this paper is organized as follows. In Section
II, the network model and transmission formulation are intro-
duced in detail. In Section III, new exact expressions of outage
probability for IRS-NOMA are derived. Then the ergodic rates
of IRS-NOMA are investigated in Section IV. At last, the
numerical results are presented to verify theoretical analyses
in Section VI and followed by concluding remarks in Section
VII. The proofs of mathematics are collected in the Appendix.
The main notations used in this paper are shown as follows.
E{·} denotes expectation operation. fX (·) and FX (·) denote
the probability density function (PDF) and cumulative distribu-
tion function (CDF) of a random variable X , respectively. The
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Fig. 1: An IRS-assisted downlink NOMA network model,
where the communications between the BS and terminal users
are completed with the help of IRS.
superscripts (·)H stand for the conjugate-transpose operation.
diag(·) represents a diagonal matrix. ⊗ denotes the Kronecker
product. IP is a P × P identity matrix.
II. NETWORK MODEL
A. Network Descriptions
Considering an IRS-assisted NOMA communication sce-
nario as illustrated in Fig. 1, in which a base station (BS)
sends the signals to M terminal users with the assistance
of an IRS. More specifically, assuming that the direct links
between BS and users are assumed strongly attenuated and
the communication can be only established through the IRS.
To provide the straightforward analyses, we assume that the
BS and users are equipped single antenna, respectively. The
IRS is mounted with K reconfigurable reflecting elements,
which can be controlled by communication oriented software.
The complex channel coefficient between the BS and IRS,
and between the IRS and users are denoted as hsr ∈ CK×1
and hrm ∈ CK×1, respectively. All wireless links in IRS-
NOMA system are modeled as Rayleigh fading channels and
perturbed by additive white Gaussian noise with the mean
power N0. Without loss of generality, the effective cascade
channel gains from the BS to IRS and then to users are ordered
as
∣∣hHsrΘhr1∣∣2 ≤ · · · ≤ ∣∣hHsrΘhrm∣∣2 ≤ · · · ≤ ∣∣hHsrΘhrM ∣∣2
[7, 34], where Θ = diag
(
βejθ1 , ..., βejθk , ..., βejθK
)
is a
diagonal matrix, β ∈ [0, 1] and θk ∈ [0, 2π) denote the fixed
reflection amplitude coefficient and the phase shift of the k-
th reflecting element of the IRS, respectively [21, 31]. It is
noteworthy that the channel state information of all wireless
channel are perfectly available at the BS. Note that imperfect
channel state information is more suitable for evaluating
practical scenarios, which will be set aside in our future work.
B. Signal Model
The BS sends the superposed signals to M users by the
virtue of an IRS. Hence the received signal ym reflected by
IRS at the m-th user is given by
ym = h
H
srΘhrm
M∑
i=1
√
aiPsxi + nm, (1)
where xi is assumed to be normalised the unity power signal
for the i-th user, i.e., E{x2i } = 1. The i-th user’s power alloca-
tion factor ai satisfies the relationship a1 ≥ · · · ≥ am ≥ · · · ≥
aM with
M∑
i=1
ai = 1, which is for the sake of user fairness.
The optimal power allocation coefficients between users will
further heighten the performance of NOMA networks, but it
is beyond the scope of this paper. Ps denotes the normalized
transmission power at the BS. hsr =
[
h1sr · · ·hksr · · ·hKsr
]H
,
where hksr ∼ CN (0,Ωsr) denotes the complex channel
coefficient from the BS to the k-th reflecting element of IRS.
hrm =
[
h1rm · · ·hkrm · · ·hKrm
]H
, where hkrm ∼ CN (0,Ωrm)
denotes the complex channel coefficient from the k-th reflect-
ing element of IRS to the m-th user.
On the basis of NOMA principle, the received signal-to-
interference-plus-noise ratio (SINR) at the m-th user to detect
the q-th user’s information (m ≥ q) is given by
γm→q =
ρ
∣∣hHsrΘhrm∣∣2aq
ρ|hHsrΘhrm|2
M∑
i=q+1
ai +̟ρ|hI |2 + 1
, (2)
where ρ = Ps
N0
denotes the transmit SNR and ̟ ∈ [0, 1]. More
precisely, ̟= 0 and ̟= 1 denote the pSIC and ipSIC oper-
ations. Without loss of generality, assuming that the residual
interference from ipSIC is modeled as the Rayleigh fading
and corresponding complex channel coefficient is denoted by
hI ∼ CN (0,ΩI).
After striking out the previous M − 1 users’ signals with
SIC, the received SINR at the M -th user to detect its own
information can be given by
γM =
ρ
∣∣hHsrΘhrM ∣∣2aM
̟ρ|hI |2 + 1
. (3)
C. IRS-NOMA with 1-bit Coding
From the perspective of practical communication appli-
cations, continuously changing the reflection amplitude and
phase shift of each IRS’s element is beneficial to enhance the
network performance. This alternative implement needs the
accurate design and expensive hardware architecture, which
will result in the higher cost of IRS. To facilitate implement
and analysis, 1-bit coding scheme is selected to achieve the
discrete amplitude/phase shift levels for IRS-assisted NOMA
networks [20, 31], where the elements of diagonal matrix Θ
are replaced with 0 or 1. It is the scalable and cost-effective
solution with the number of reflecting elements becomes
larger.
Assuming that the number reflecting elements K of IRS
are equal to PQ, i.e., K = PQ, where P and Q are integers.
Define V = IP ⊗ 1Q, where 1Q is a column vector of all
ones with Q × 1. The p-th column of V is denoted by vp
with K × 1 and vHp vl = 0 for p 6= l. As a result, the SINRs
of (2) and (3) with 1-bit coding are maximized by randomly
choosing vp and can be given by
γ˜m→q = max
vp
ρ
∣∣vHp Dmhsr∣∣2aq
ρ
∣∣vHp Dmhsr∣∣2 M∑
i=q+1
ai +̟ρ|hI |2 + 1
, (4)
4and
γ˜M = max
vp
ρ
∣∣vHp DMhsr∣∣2aM
̟ρ|hI |2 + 1
, (5)
respectively, where Dm and DM are the diagonal matrix
with its diagonal elements obtained from hrm and hrM . The
following network performance of IRS-NOMA is discussed
with 1-bit coding scheme.
D. IRS-OMA
In this subsection, the IRS-OMA scheme is regarded as one
of the benchmarks for comparison purpose, where an IRS is
deployed to assist in the transmission from the BS to a user
d. On the condition of the above assumptions, the maximized
SNR of user d with 1-bit coding scheme for IRS-OMA can
be given by
γd = max
vp
ρ
∣∣vHp Ddhsr∣∣2, (6)
where hrd =
[
h1rd · · ·hkrd · · ·hKrd
]H
, hkrd ∼ CN (0,Ωrd) de-
notes the complex channel coefficient from the k-th reflecting
element of IRS to user d. Dd and is the diagonal matrix with
its diagonal elements obtained from hrd.
III. OUTAGE PROBABILITY
As mentioned in conventional NOMA, the SIC scheme is
carried out at the m-th user (1 < m ≤ M) by decoding
and striking out the q-th user’s information (m ≥ q) before
it detects its own signal. If the m-th user cannot successfully
detect the q-th user’s information, an outage occurs and is
denoted by
Em,q =


ρ
∣∣vHp Dmhsr∣∣2aq
ρ
∣∣vHp Dmhsr∣∣2 M∑
i=q+1
ai +̟ρ|hI |2 + 1
< γthq

 ,
(7)
where γthq = 2
Rq−1 with Rq being the target rate at them-th
user to detect xq . As a consequence, the outage probability of
m-th user with 1-bit coding for IRS-NOMA networks can be
expressed as
Pm = Pr [min (Em,1,Em,2, · · · ,Em,m)] . (8)
It is worth pointing out that the first user (i.e.,m = 1) with the
worse channel condition does not execute the SIC procedure.
Theorem 1. Under Rayleigh fading channels, the closed-form
expression for outage probability of the m-th user with ipSIC
in IRS-NOMA networks is given by
PmipSIC ≈
{
φm
M−m∑
l=0
U∑
u=1
(
M −m
l
)
(−1)lHu
m+ l
[
1− 2
Γ (Q)
×
(
ψ∗mΛ
ΩsrΩrm
)Q
2
KQ
(
2
√
ψ∗mΛ
ΩsrΩrm
)]m+l

P
,
(9)
where φm =
M !
(M−m)!(m−1)! , ψ
∗
m = max {ψ1, . . . , ψm} and
ψm =
γthm
ρ(am−γthm
∑
M
i=m+1
ai)
with am > γthm
∑M
i=m+1 ai.
γthm = 2
Rm − 1 with Rm being the target rate at the m-
th user to detect xm. Λ = (̟ρΩIxu + 1). Hu and ru are
the weight and abscissas for the Gauss-Laguerre integration,
respectively. More specifically, ru is the w-th zero of Laguerre
polynomial LU (ru) and the corresponding the w-th weight is
given by Hu =
(U !)2ru
[LU+1(ru)]
2 . The parameter U is to ensure
a complexity-accuracy tradeoff. Kv (·) is the modified Bessel
function of the second kind with order v. Γ (·) denotes the
gamma function [35, Eq. (8.310.1)].
Proof. See Appendix A.
Corollary 1. For the special case with substituting ̟ = 0
into (A.2), the closed-form expression for outage probability
of the m-th user with pSIC in IRS-NOMA networks is given
by
PmpSIC =
{
φm
M−m∑
l=0
(
M −m
l
)
(−1)l
m+ l
[
1− 2
Γ (Q)
×
(
ψ∗m
ΩsrΩrm
)Q
2
KQ
(
2
√
ψ∗m
ΩsrΩrm
)]m+l

P
.
(10)
For IRS-OMA, an outage is defined as the probability that
the instantaneous SNR (γd) falls bellow a threshold SNR γthd .
Hence the outage probability of user d with 1-bit coding which
can be expressed as
Pd = Pr (γd ≤ γthd) , (11)
where γthd = 2
Roma − 1 with Roma being the target rate of
user d to detect xd. Referring to (10) and removing the order
operation, we can derive the outage probability for IRS-OMA
in the following corollary.
Corollary 2. The closed-form expression of outage probability
for IRS-OMA networks with 1-bit coding is given by
Pd =
[
1− 2
Γ (Q)
(
γthd
ρΩsrΩrd
)Q
2
KQ
(
2
√
γthd
ρΩsrΩrd
)]P
.
(12)
A. Diversity Analysis
In order to gain better insights, the diversity order is usually
selected to evaluate the outage behaviors for communication
systems, which is able to describe how fast the outage proba-
bility decreases with the transmitting SNR. Hence the diversity
order can be expressed as
d = − lim
ρ→∞
log (P∞ (ρ))
log ρ
, (13)
where P∞ (ρ) denotes the asymptotic outage probability in the
high SNR regime.
5Corollary 3. Based on analytical result in (9), when ρ→∞,
the asymptotic outage probability of the m-th user with ipSIC
for IRS-NOMA networks is given by
P
m,∞
ipSIC ≈
{
M !
(M −m)!m!
W∑
w=1
Hw
[
1− 2
Γ (Q)
×
(
̟ϑ∗mΩIxw
ΩsrΩrm
)Q
2
KQ
(
2
√
̟ϑ∗mΩIxw
ΩsrΩrm
)]m

P
,
(14)
where ϑ∗m = max {ϑ1, . . . , ϑm} and ϑm =
γthm
(am−γthm
∑
M
i=m+1
ai)
with am > γthm
∑M
i=m+1 ai.
Remark 1. Upon substituting (14) into (13), the diversity
order of the m-th user with ipSIC for IRS-NOMA is equal
to zero. This is due to the influence of residual interference
from ipSIC.
Corollary 4. For the cases Q = 1 and Q ≥ 2, the asymptotic
outage probability of the m-th user with pSIC at high SNRs
are given by
P
m,∞
pSIC =
{
M !
(M −m)!m!
[
− 2ψ
∗
m
ΩsrΩrm
× ln
(√
ψ∗m
ΩsrΩrm
)]m}K
, Q = 1, (15)
and
P
m,∞
pSIC =
{
M !
(M −m)!m!
×
(
ψ∗m
(Q− 1)ΩsrΩrm
)m}P
, Q ≥ 2, (16)
respectively.
Proof. To facilitate the calculation, we employ the series
representation of Bessel functions Kv (x) to obtain the high
SNR approximation. When v = 1 and v ≥ 2, Kv (x) can be
approximated as
K1 (x) ≈ 1
x
+
x
2
ln
(x
2
)
, (17)
and
Kv (x) ≈ 1
2
[
2v (v − 1)!
xv
− 2
v−2 (v − 2)!
xv−2
]
, (18)
respectively. Upon substituting (17) and (18) into (10), and
then taking the first term (l = 0) of summation term, we can
obtain (15) and (16), respectively. The proof is completed.
Remark 2. Upon substituting (15) and (16) into (13), the
diversity orders of the m-th user with pSIC for cases Q = 1
and Q ≥ 2 are mK andmP , respectively. As can be observed
that the diversity order of the m-th user are in connection with
the number of reflecting elements of IRS and channel ordering.
Corollary 5. Similar to the procedures in (15) and (16), the
asymptotic outage probability of IRS-OMA for bothQ = 1 and
Q ≥ 2 at high SNRs are given by
P∞d =
[
−2
(
γthd
ρΩsrΩrd
)
ln
(√
γthd
ρΩsrΩrd
)]K
, Q = 1, (19)
and
P∞d =
[
γthd
ρ (Q− 1)ΩsrΩrd
]P
, Q ≥ 2, (20)
respectively.
Remark 3. Upon substituting (19) and (20) into (13), the
diversity orders of IRS-OMA with 1-bit coding for cases Q = 1
and Q ≥ 2 are K and P , respectively.
B. Delay-Limited Transmission
In the delay-limited transmission mode, the BS sends the
information at a constant rate, which is subject to outage
according to the random fading of wireless channels [9, 36].
Hence the throughput of the m-th user with ipSIC/pSIC for
IRS-NOMA networks in the delay-limited transmission mode
can be given by
Rm,dl =
(
1− Pmξ
)
Rm, (21)
where ξ ∈ {ipSIC, pSIC}. P ipSICm and P pSICm can be obtain
from (9) and (10), respectively.
IV. ERGODIC RATE
In this section, the ergodic rate of the m-th user with
ipSIC/pSIC for IRS-NOMA networks is discussed in detail,
where the target rates of users are determined by the channel
conditions. The m-th user detects the p-th user’s information
successfully, since it holds
∣∣hHsrΘhrm∣∣2 ≥ ∣∣hHsrΘhrp∣∣2. Under
this situation, the achievable rate of the m-th user can be
written as R˜m = log (1 + γ˜m→m). Based on (4) and (5), the
ergodic rates of the m-th user and the M -th user with ipSIC
for IRS-NOMA networks can be given by
RipSICm,erg =
E
{
log
(
1 + max
vp
ρ
∣∣vHp Dmhsr∣∣2am
ρ
∣∣vHp Dmhsr∣∣2a¯m +̟ρ|hI |2 + 1
)}
,
(22)
and
R
ipSIC
M,erg = E
{
log
(
1 + max
vp
ρ
∣∣vHp DMhsr∣∣2aM
̟ρ|hI |2 + 1
)}
, (23)
respectively, where ̟ = 1 and a¯m =
∑M
i=m+1 ai. One
can be seen from the equations, there are no the closed-
form solutions. However, these expressions can be evaluated
numerically by using the standard softwares such as Matlab
or Mathematica. By employing pSIC, the ergodic rates of the
m-th user and the M -th user are presented in the following
part.
6Theorem 2. For the special case with substituting ̟ = 0 into
(22), the closed-form expression of ergodic rate for the m-th
user with pSIC in IRS-NOMA networks is given by
RpSICm,erg ≈
πam
N ln 2
N∑
n=1
√
1− xn2
2a¯m + (1 + xn) am
〈1− {φm
×
M−m∑
l=0
m+l∑
r=0
(
M −m
l
)(
m+ l
r
)
(−1)l+r
m+ l
(
2
Γ (Q)
)r
×
[(
ϕm (1 + xn)
a¯m (1− xn)
)Q
2
KQ
(
2
√
ϕm (1 + xn)
a¯m (1− xn)
)]r

P〉
,
(24)
where φm =
M !
(M−m)!(m−1)! , ϕm =
1
ρΩsrΩrm
, xn =
cos
(
2n−1
2N π
)
and N is a parameter to ensure a complexity-
accuracy tradeoff.
Proof. See Appendix B.
Theorem 3. For the special case with substituting ̟ = 0 into
(23), the exact expression of ergodic rate for the M -th user
with pSIC in IRS-NOMA networks is given by
R
pSIC
M,erg =
ρaM
ln 2
MP∑
r=1
(
MP
r
)
(−1)r+12r[
Γ (Q) (ΩsrΩrm)
Q
2
]r
×
∫ ∞
0
x
rQ
2
[
KQ
(
2
√
x
ΩsrΩrm
)]r
1 + ρaMx
dx. (25)
Proof. See Appendix C.
For IRS-OMA, based on (6), the ergodic rate of user d with
1-bit coding can be expressed as
Rd,erg = E
[
log
(
1 + max
vp
ρ
∣∣vHp Ddhsd∣∣2
)]
. (26)
Corollary 6. Similar to the derivation process in (25), the
exact expression of ergodic rate for IRS-OMA with 1-bit
coding is given by
Rd,erg =
ρ
ln 2
P∑
r=1
(
P
r
)
(−1)r+12r[
Γ (Q) (ΩsrΩrd)
Q
2
]r
×
∫ ∞
0
x
rQ
2
[
KQ
(
2
√
x
ΩsrΩrd
)]r
1 + ρx
dx. (27)
A. Slope Analysis
Similar to the diversity order, the high SNR slope aims to
capture the diversification of ergodic rate with the transmitting
SNRs, which can be defined as
S = lim
ρ→∞
R∞m (ρ)
log (ρ)
, (28)
where R∞m (ρ) denotes the asymptotic ergodic rate in the high
SNR regime.
According to (B.1), when ρ → ∞, the asymptotic ergodic
rate of the m-th user with pSIC is given by
Rm,∞erg = log
[
1 +
(
am
a¯m
)]
. (29)
Remark 4. Upon substituting (29) into (28), the high SNR
slope of the m-th user with pSIC for IRS-NOMA networks is
zero, which is the same as conventional NOMA.
As can be seen from (25) that the exact derivation of the ap-
proximation at high SNRs appears mathematically intractable.
Furthermore, we focus our attention on evaluating the slope of
ergodic rate for the M -th user via the assistance of its upper
bound. By noticing that log
(
1 + x2
)
is a concave function for
x ≥ 0, we invoke the Jensens inequality to derive an upper
bound as
R
pSIC
M,erg ≤ log
[
1 + ρaME
(
max
vp
∣∣vHp DMhsr∣∣2
)]
. (30)
We performe the derivative operation on (C.3) in Appendix C
and some manipulates, the upper bound R
pSIC,ub
M,erg is given by
R
pSIC,ub
M,erg = log
{
1 +
2MPΦaMρ
Γ (Q)
(√
ΩsrΩrM
)Q+1
}
, (31)
where Φ =
∫∞
0
[
1− 2Γ(Q)
(
x
ΩsrΩrM
)Q
2
KQ
(√
4x
ΩsrΩrM
)]MP−1
× xQ−12 KQ−1
(
2
√
x
ΩsrΩrM
)
dx is constant with increasing
the SNRs. Upon substituting (31) into (28) and further
applying L’hospital rule, we can obtain the high SNR slope
of ergodic rate for the M -th user in the following remark.
Remark 5. Upon substituting (31) into (28), the high SNR
slope of the M -th user with pSIC for IRS-NOMA networks is
equal to one. One can observe that the use of IRS to NOMA
donot improve the slope of ergodic rate for the M -th user.
B. Delay-Tolerate Transmission
In the delay-tolerant mode, the BS sends the information at
any fixed rate upper bounded by the ergodic capacity. Hence
the throughput of the m-th user and the M -th user with pSIC
for IRS-NOMA networks is given by
Rζ,dt = R
pSIC
ζ,erg , (32)
where ζ ∈ {m,M}. RpSICm,erg and RpSICM,erg can be obtained from
(24) and (25), respectively.
To facilitate comparison, the diversity orders and high SNR
slopes of the m-th user with ipSIC/pSIC for IRS-NOMA
are summarized in TABLE I, where we use “D” and “S” to
represent the diversity order and high SNR slope, respectively.
Mode SIC User D S
IRS-OMA ——
User d (Q = 1) K −
User d (Q ≥ 2) P −
IRS-NOMA
ipSIC User m 0 −
pSIC
User m (Q = 1) mK 0
User m (Q ≥ 2) mP 0
TABLE I: Diversity order and high SNR slope for IRS-NOMA
networks.
7TABLE II: Table of Parameters for Numerical Results
Monte Carlo simulations repeated 106 iterations
Pass loss exponent α = 2
The power allocation factors for users
a1 = 0.5
a2 = 0.4
a3 = 0.1
The targeted data rates for users
R1 = 0.6 BPCU
R2 = 1.6 BPCU
R3 = 2 BPCU
The distance from BS to IRS dsr = 0.5
The distance from IRS to users
dr1 = 0.5
dr2 = 0.4
dr3 = 0.3
V. ENERGY EFFICIENCY
In wireless communication systems, the energy efficiency
(EE) can be interpreted as the user’s data rate divided by the
energy consumption, which can be expressed as
ηEE =
Data rate
Energy consumption
. (33)
More specifically, based on above throughput analyses, the
energy efficiency of IRS-NOMA networks is given by
η =
RΦ
TPs
, (34)
where RΦ ∈ (Rm,dl, Rζ,dt) and T denotes the entire commu-
nication process time.
VI. NUMERICAL RESULTS
In this section, the numerical results are presented to con-
firm the rationality of the derived theoretical expressions for
IRS-NOMA networks. We show the impact of the reflecting
elements on the performance of the IRS-NOMA communi-
cation network. Monte Carlo simulation parameters used are
summarized in TABLE II, where BPCU denotes the short
for bit per channel use. Assume that three users M = 3
are taken into consideration and the distance from the BS to
IRS, and then to the terminal users are normalized to unity.
As a further development, the variances of complex channel
coefficients are set to be Ωsr = d
−α
sr , Ωr1 = d
−α
r1 , Ωr2 = d
−α
r2
and Ωr3 = d
−α
r3 , respectively. The complexity-vs-accuracy
tradeoff parameter is set to be N = 20 and simulation results
are denoted by •. Without loss of the generality, the IRS-
OMA and conventional OMA (i.e., variable gain AF relaying,
FD/HD DF relaying) are selected as the benchmarks for the
purpose of comparison. Here AF relaying works in HD mode
and is equipped with a single antenna. The FD DF relaying is
equipped with one transmit antenna and one receive antenna,
while HD DF relaying has a single antenna. The target rate
Roma of the orthogonal user is equal to
∑M
i=1 Ri.
A. Outage Probability
Fig. 2 plots the outage probability of three users versus
SNR for a simulation setting with K = 1, Q = 1, P = 1,
R1 = 0.6, R2 = 1.6, R3 = 2 and Roma = 4.2 BPCU. The
theoretical analysis curves of outage probability for users with
pSIC are plotted according to (10). It is obvious that the Monte
−5 0 5 10 15 20 25 30 35 40
10−6
10−5
10−4
10−3
10−2
10−1
100
SNR (dB)
O
ut
ag
e 
Pr
ob
ab
ilit
y
 
 
Simulation
AF relaying
HD relaying
FD relaying
IRS − OMA
Asymptotic
User 1 − Exact analysis
User 2 − Exact analysis − pSIC
User 3 − Exact analysis − pSIC
Fig. 2: Outage probability versus the transmit SNR, with K =
1, Q = 1, P = 1, R1 = 0.6, R2 = 1.6, R3 = 2 and Roma =
4.2 BPCU.
Carlo simulation outage probability curves excellently agree
with analytical results across the entire average SNR range.
The asymptotic outage probability converges to the analytical
expressions given in (16), which proves the effectiveness of
our theoretical derivation. As can be seen from the figure
that the outage performance of the nearest user (m = 3) is
higher than that of the distant users (m = 2 and m = 1).
This is due to the fact that the nearby user attains the higher
diversity order, which verifies the insights in Remark 2. The
exact and asymptotic outage probability cures of IRS-OMA
are plotted according to the analytical results in (12) and (19),
respectively. One can observe that the outage behaviors of
IRS-NOMA with pSIC are superior than that of IRS-OMA
(12), variable gain AF relaying [37], FD relaying [38, Eq.
(7)] with loop self-interference i.e., E{|hLI |2} = −10 dB
and HD relaying [38, Eq. (8)]. The reasons are that: 1)
IRS-NOMA can realize much better user fairness than IRS-
OMA for multiple users; 2) FD DF relay suffers from loop
interference due to signal leakage and needs the advanced loop
interference cancellation technologies, which will lead to the
higher cost; and 3) IRS-NOMA operates in FD mode provides
the more spectrum efficient than HD DF relaying.
Fig. 3 plots the outage probability of three users versus SNR
for a simulation setting with K = 2, Q = 2, P = 1, ̟ = 1,
R1 = 0.6, R2 = 1.6, R3 = 2 and Roma = 4.2 BPCU. The
exact and approximate analyses curves of outage probability
for users with ipSIC are plotted by (9) and (14), respectively.
The exact and asymptotic outage probability curves of IRS-
OMA are plotted by (12) and (20), respectively. The simulation
results matches closely with the theoretical analysis. The
important observation is that the outage probability of distant
users with ipSIC converges to an error floor in the high SNR
regime and thus obtain a zero diversity order. The reason is that
there is the residual interference from ipSIC for IRS-NOMA.
This phenomenon is also confirmed by the conclusions in
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Fig. 3: Outage probability versus the transmit SNR with
different residual interference, K = 2, Q = 2, P = 1,
R1 = 0.6, R2 = 1.6, R3 = 2 and Roma = 4.2 BPCU.
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Fig. 4: Outage probability versus the transmit SNR, with
P = 1, ̟ = 1, R1 = 0.6, R2 = 1.6, R3 = 2 BPCU and
E{|hI |2} = −10 dB.
Remark 1. Additionally, it is worth noting that the farthest
user (m = 1) does not carry out the SIC operation, since it
has the worst channel conditions. Compared to the benchmark
of IRS-OMA, we observe that IRS-NOMA with ipSIC is also
capable of achieving the lower outage behaviors. Certainly,
with the value of residual interference increasing, the achieved
outage probability of IRS-NOMA converges to the worst error
floors. As a result, it is important to consider the influence
of ipSIC on the network performance for IRS-NOMA in the
practical scenario.
Fig. 4 plots the outage probability versus SNR for a sim-
ulation system with different reflecting elements of IRS and
E{|hI |2} = −10 dB. One can observe that the setting of the
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Fig. 5: Outage probability versus the transmit SNR, with
̟ = 1, Q = 1, R1 = 0.6, R2 = 1.6, R3 = 2 BPCU and
E{|hI |2} = −10 dB.
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Fig. 6: Outage probability versus the transmit SNR, with the
different target rate for K = 2, P = 2 and Q = 1.
reflecting elements for IRS-NOMA is significant to provide the
network performance. With increasing the number of reflecting
elements K , the lower outage probabilities are attained for
multiple users. This behaviors are caused by the fact that the
application of IRS to NOMA networks provides a new degree
of freedom to enhance the wireless link performance. This
phenomenon is also certificate the completion of Remark 2,
where both the number of reflecting elements and channel
ordering determine the slope of outage probability for IRS-
NOMA. Another observation is that all outage probability
curves of each user have the same slopes, which manifests
that the diversity orders of users are the same. This appearance
demonstrates the insight we derived from the analytical results
given by (16).
90.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
10−4
10−3
10−2
10−1
100
d
sr
O
ut
ag
e 
Pr
ob
ab
ilit
y
 
 
Simulation
IRS − OMA
User 1 − Exact analysis
User 2 − Exact analysis − pSIC
User 3 − Exact analysis − pSIC
Fig. 7: Outage probability versus distance dsr between the BS
and IRS, with Q = 2, K = 2, P = 1, R1 = R2 = R3 = 0.6
BPCU, Roma = 1.8 BPCU.
Fig. 5 plots the outage probability versus SNR for a sim-
ulation setting with Q = 1, ̟ = 1, R1 = 0.6, R2 = 1.6,
R3 = 2 BPCU and E{|hI |2} = −10 dB. The approximated
outage probability curves of users are plotted corresponding
to (15), which match precisely with the simulation results.
As can be observed from the figure that as the number of
reflecting elements increases, the outage probability of users
is becoming much smaller. The main reason behind this is that
IRS-NOMA with 1-bit coding provides much more diversity
orders given by Remark 2. It is worth mentioning that the
outage probability curves of each user has a different diversity
order, which confirms the analytical result derived in (15). Fig.
6 plots the outage probability versus SNR with the different
target rate for K = 2, P = 2 and Q = 1. One can
observe that adjusting the target rate of users largely affect the
outage performance. With the values of target rate increasing,
the outage behaviors of users for IRS-NOMA networks are
becoming much worse, which is in line with the conventional
NOMA networks [7].
To illustrate the impact of IRS’s deployment on the perfor-
mance, Fig. 7 plots the outage probability as a function of the
normalized distance between the BS and users, with Q = 2,
K = 2, P = 1, R1 = R2 = R3 = 0.6 BPCU, Roma = 1.8
BPCU. We can observe that when the IRS is deployed closely
to BS, the outage performance of non-orthogonal users is
becoming much better. This phenomenon can be explained that
the IRS can receive the clear LoS signals from the BS for the
purpose of maximizing its received signal power. As the IRS
departs from BS, the LoS deteriorates and outage probability
of users increases seriously. When the IRS is in the middle
of the BS and users, the worst outage behaviors of users are
attained in the IRS-NOMA networks. This is due to the fact
that the IRS is neither closed to the BS nor to users. After
this point, the performance begins to improve again. This is
because that the IRS is close to NOMA users and enhance the
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and P = 1.
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Fig. 9: Rates versus the transmit SNR, with Q = 1.
reflecting signals received by users. Such an outage behavior
can be useful to establish an optimal deployment of IRS in
NOMA networks. As a consequence, the deployment scenarios
of IRS should take into account some practical constraints.
B. Ergodic Rate
Fig. 8 plots the ergodic rates versus SNR, with K = 1,
Q = 1 and P = 1. The exact curves of ergodic rate for
the m-th user and M -th user with pSIC are plotted based on
(24) and (25), respectively. One can observe that the ergodic
rates of distant users for IRS-NOMA outperform that of AF
relaying and FD/HD relaying in the low SNR regime, which
are consistent to FD/HD NOMA systems [9, 10]. As the SNR
value increases, the ergodic rate of distant users converges
to a throughput ceiling, which is also confirmed in Remark
4. This is due to the fact that the distant user will suffer
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Fig. 10: Energy efficiency in delay-limited transmission mode,
where Ps = 5 W and T = 1.
from the interference from the nearby users’ signals when
it decodes their own signals. Another observation is that the
ergodic rate of nearest user is much greater than that of non-
orthogonal users, IRS-OMA (27), AF relaying and FD/HD
relaying. The origin for this behavior is that it is closest to
the IRS and has the best channel conditions. In addition, Fig.
9 plots the ergodic rates versus SNR with different reflecting
elements. As can be observed from this figure that with the
increasing reflecting elements of IRS, the ergodic performance
of the nearest user with pSIC is enhanced and has the same
slopes, which confirms the insights in Remark 5. The distant
users’ performance has no obvious variety due to the effects
of interference signals. We conclude that IRS-NOMA cannot
circumvent the problem of zero slope for the distant users.
C. Energy Efficiency
Fig. 10 plots the energy efficiency for IRS-NOMA networks
in the delay-limited transmission mode, with Ps =5 W and
T = 1. The energy efficiency curve of non-orthogonal users
for IRS-NOMA with ipSIC/pSIC is plotted according to (34).
It can be observed that the energy efficiency of non-orthogonal
users outperforms that of IRS-OMA. This is because that
non-orthogonal users is capable of achieving the larger data
rate in the delay-limited transmission mode. This phenomenon
indicates that IRS-NOMA networks have the ability to supply
the higher energy efficiency. As a further advance, Fig. 11
plots the energy efficiency for IRS-NOMA in delay-tolerant
transmission mode, with Ps =15 W and T = 1. We observe
that the energy efficiency of nearest user is much larger than
that of orthogonal user and distant users. This is due to that the
nearest user is closed to the IRS and has a greater throughput.
Another observation is that the energy efficiency of distant
users for IRS-NOMA converges to the constant value at high
SNRs. The reason is that the distant users suffer from the
nearby user’s interference, when it detects its own information.
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Fig. 11: Energy efficiency in delay-tolerant transmission mode,
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VII. CONCLUSION
In this paper, an IRS has been invoked in downlink NOMA
networks for enhancing the performance of multiple users,
where 1-bit coding scheme is taken into account. More
specifically, we have derived the exact expressions of outage
probability and ergodic rate for users with ipSIC/pSIC in IRS-
assisted NOMA networks. Based on the approximated analy-
ses, the diversity order of them-th user is related to the number
of reflecting elements and channel ordering. With increasing
the number of reflecting elements, the outage probability of
users with ipSIC/pSIC for IRS-NOMA networks decreases.
Due to the interference from the nearby users’ signals, a
zero of high SNR slope for ergodic rate is obtained by the
distant users. Simulation results have shown that the outage
behaviors of IRS-NOMA are superior to that of IRS-OMA, AF
relaying and FD/HD DF relaying. The nearest user has a larger
ergodic rate than orthogonal user and distant users. Finally, the
throughput and energy efficiency of non-orthogonal users for
IRS-NOMA were discussed both in delay-limited and delay-
tolerant transmission modes. The application of IRS to NOMA
provided a new degree of freedom to enhance the wireless link
performance.
APPENDIX A: PROOF OF THEOREM 1
The proof starts by assuming Wp =
min (Em,1,Em,2, · · · ,Em,m), W = max (W1,W2...,WP )
and then
Pm = Pr (W ) = Pr [max (W1,W2...,WP )]
=
P∏
p=1
Pr (Wp) = [Pr (Wp)]
P
. (A.1)
Hence the outage probability of them-th user with ipSIC need
to further calculate Pr (Wp). Applying the complementary set
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and some algebraic manipulations, it can be calculated as
follows:
Pr (Wp) = Pr
[∣∣vHp Dmhsr∣∣2 < ψ∗m (̟ρ|hI |2 + 1)]
=
∫ ∞
0
F|vHp Dmhsr|2 (ψ
∗
m (̟ρy + 1)) f|hI |2 (y) dy, (A.2)
where ̟ = 1, f|hI |2 (y) =
1
ΩI
e
− y
ΩI , ψ∗m =
max {ψ1, . . . , ψm} with am > γthm
∑M
i=m+1 ai and ψm =
γthm
ρ(am−γthm
∑
M
i=m+1
ai)
. Based on the previous assumption, the
cascade channel gains from the BS to IRS and then to users
with 1-bit coding scheme are also sorted as
∣∣vHp D1hsr∣∣2 ≤
· · · ≤ ∣∣vHp Dmhsr∣∣2 ≤ · · · ≤ ∣∣vHp DMhsr∣∣2. As a further
advance, we focus our attention the CDF F|vHp Dmhsr|2 (x) in
the following part.
Denoting X =
∣∣vHp Dmhsr∣∣2, the CDF FX (x) of the
cascade channel gain has a fixed relationship with the unsorted
channel gain [7, 34], which can be expressed as
FX (x) =
M !
(M −m)! (m− 1)!
M−m∑
l=0
(
M −m
l
)
× (−1)
l
m+ l
[
F¯X (x)
]m+l
, (A.3)
where F¯X (x) denotes the CDF of unsorted cascade channel
gain. After some arithmetical manipulations, we can further
express X =
∣∣∣∑Qk=1 hksrhkrm∣∣∣2, where hksr ∼ CN (0,Ωsr) and
hkrm ∼ CN (0,Ωrm). Based on [39, Eq. (7)], the PDF f¯X (x)
of the cascade channel gain X =
∣∣vHp Dmhsr∣∣2 from the BS
to IRS and then to users is given by
f¯X (x) =
2x
Q−1
2
Γ (Q)
(√
ΩsrΩrm
)Q+1KQ−1
(
2
√
x
ΩsrΩrm
)
,
(A.4)
where f¯X (x) denotes the PDF of unsorted cascade channel
gain. Furthermore, we perform integral processing on the
above formula and express the corresponding CDF F¯X (x)
as
F¯X (x) =
2
Υ
∫ x
0
y
Q−1
2 KQ−1
(
2
√
y
ΩsrΩrm
)
dy, (A.5)
where Υ = Γ (Q)
(√
ΩsrΩrm
)Q+1
.
Based on (A.5), using y = xt and [35, Eq. (6.561.8)],
F¯X (x) can be calculated as follows:
F¯X (x) =
2
Υ
∫ 1
0
(√
xt
)Q−1
KQ−1
(
2
√
xt
ΩsrΩrm
)
xdt
√
t
∆
=y
=
4x
Q+1
2
Υ
∫ 1
0
yQKQ−1
(
2
√
x
ΩsrΩrm
y
)
dy
= 1− 2
Γ (Q)
(
x
ΩsrΩrm
)Q
2
KQ
(
2
√
x
ΩsrΩrm
)
.
(A.6)
Upon substituting (A.6) into (A.3), the CDF FX (x) of the
cascade channel gain can be given by
FX (x) =φm
M−m∑
l=0
(
M −m
l
)
(−1)l
m+ l
[
1− 2
Γ (Q)
×
(
x
ΩsrΩrm
)Q
2
KQ
(
2
√
x
ΩsrΩrm
)]m+l
,
(A.7)
where φm =
M !
(M−m)!(m−1)! .
Combining (A.7) and (A.2), the probability Pr (Wp) can be
further expressed as follows:
Pr (Wp) =
φm
ΩI
M−m∑
l=0
(
M −m
l
)
(−1)l
m+ l
∫ ∞
0
[
1− 2
Γ (Q)
×
(
ψ∗mϕ
ΩsrΩrm
)Q
2
KQ
(
2
√
ψ∗mϕ
ΩsrΩrm
)]m+l
e
− y
ΩI dy, (A.8)
where ϕ = (̟ρy + 1). Assuming x = yΩI , and using
Gauss-Laguerre integration [40, Eq. (25.4.45)], the probability
Pr (Wp) can be given by
Pr (Wp) ≈φm
M−m∑
l=0
U∑
u=1
(
M −m
l
)
(−1)lHu
m+ l
[
1− 2
Γ (Q)
×
(
ψ∗mΛ
ΩsrΩrm
)Q
2
KQ
(
2
√
ψ∗mΛ
ΩsrΩrm
)]m+l
,
(A.9)
where Λ = (̟ρΩIxu + 1), Hu is the weight of the Gauss-
Laguerre integration. ru is the u-th zero of Laguerre polyno-
mial LU (ru) and the corresponding the u-th weight is given
by Hu =
(U !)2ru
[LU+1(ru)]
2 .
Upon substituting (A.9) into (A.1), we can obtain (9). The
proof is completed.
APPENDIX B: PROOF OF THEOREM 2
Upon substituting ̟ = 0 into (22), the ergodic rate of the
m-th user with pSIC for IRS-NOMA networks can be written
as
RpSICm,erg = E


log

1 + maxvp
ρ
∣∣vHp Dmhsr∣∣2am
ρ
∣∣vHp Dmhsr∣∣2a¯m + 1︸ ︷︷ ︸
Y




=
1
ln 2
∫ ∞
0
1− FY (y)
1 + y
dy. (B.1)
Let Y¯ =
ρ|vHp Dmhsr|2am
ρ|vHp Dmhsr|2a¯m+1 and the CDF FY¯ (y) can be
expressed as
FY¯ (y) = Pr
[∣∣vHp Dmhsr∣∣2 < yρ (am − ya¯m)
]
, (B.2)
12
where am > ya¯m. Upon substituting (A.7) into (B.2) and
using Binomial theorem, the CDF FY¯ (y) is given by
FY¯ (y) = φm
M−m∑
l=0
m+l∑
r=0
(
M −m
l
)(
m+ l
r
)
(−1)l+r
m+ l
×
(
2
Γ (Q)
)r[(
yϕm
(am − ya¯m)
)Q
2
KQ
(
2
√
yϕm
(am − ya¯m)
)]r
,
(B.3)
where ϕm =
1
ρΩsrΩrm
.
For IRS-NOMA with 1-bit coding scheme, vHp Dmhsr and
v
H
l Dmhsr are independent and identically distribution for p 6=
l. As a consequence, the CDF FY (y) can be given by
FY (y) =
{
φm
M−m∑
l=0
m+l∑
r=0
(
M −m
l
)(
m+ l
r
)
× (−1)
l+r
m+ l
[
2
Γ (Q)
(
yϕm
(am − ya¯m)
)Q
2
×KQ
(
2
√
yϕm
(am − ya¯m)
)]r}P
. (B.4)
Upon substituting (B.4) into (B.1), the CDF FY (y) can be
expressed as follows:
RpSICm,erg =
1
ln 2
∫ am
a¯m
0
1
1 + y
〈
1−
[
φm
M−m∑
l=0
m+l∑
r=0
(
M −m
l
)
×
(
m+ l
r
)
(−1)l+r
m+ l
[
2
Γ (Q)
(
yϕm
(am − ya¯m)
)Q
2
×KQ
(
2
√
yϕm
(am − ya¯m)
)]r}P〉
dy. (B.5)
By further applying the Gauss-Chebyshev quadrature [41]
on the above equation, we can obtain (24). The proof is
completed.
APPENDIX C: PROOF OF THEOREM 3
Upon substituting ̟ = 0 into (23), the ergodic rate of the
M -th user with pSIC for IRS-NOMA networks can be written
as
R
pSIC
M,erg = E

log

1 + ρaM maxvp
(∣∣vHp DMhsr∣∣2)︸ ︷︷ ︸
Z




=
ρaM
ln 2
∫ ∞
0
1− FZ (z)
1 + zρaM
dx. (C.1)
Denoting Z¯ =
∣∣vHp DMhsr∣∣2, by the virtue of Order
Statistic theory and (A.6), the CDF FZ¯ (z) of the M -th user
is given by
FZ¯ (z) =
[
1− 2
Γ (Q)
(
z
ΩsrΩrM
)Q
2
KQ
(
2
√
z
ΩsrΩrM
)]M
.
(C.2)
Similar to the procedure in (B.4), we randomly select a column
vp from V to maximize Z¯ . Hence the CDF FZ (z) can be
given by
FZ (z) =
[
1− 2
Γ (Q)
×
(
z
ΩsrΩrM
)Q
2
KQ
(
2
√
z
ΩsrΩrM
)]MP
. (C.3)
Applying the Binomial theorem in (C.3), the CDF FX (x) can
be further rewritten as follow:
FZ (z) =
MP∑
r=0
(
MP
r
)
(−1)r+1
[
2
Γ (Q)
×
(
z
ΩsrΩrm
)Q
2
KQ
(
2
√
z
ΩsrΩrm
)]r
. (C.4)
By substituting (C.4) and after some manipulates, we can
obtain (25). The proof is completed.
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